Research on the physiological adaptation process has found that stress is associated with the rate of cortisol secretion, the main hormone that reflects stress. However, considerable variation among subjects has been reported. Using a sample of older adults (N = 46), we tested the hypothesis that cortisol reactivity is composed of (I) a situation-related component representing hypothalamic influence on cortisol secretion observed on three different occasions, and (2) a stable component representing a general trait responsible for cortisol responses observed from occasion to occasion. LISREL VIII was used to test this hypothesis. Results indicated that a homogeneous reliability model was not supported by the data. A congeneric measurement model represented a better fit to the data. Results suggest that subjects have consistent patterns of response during separate experimental occasions. However, results do not suggest a consistent pattern of response over time. The main implication of these results is that salivary cortisol measures are sensitive to experimental stress situations. As such, this noninvasive method may be useful in examining adaptive responses to stress. R ESEARCHERS focusing on the physiological adaptation response have found that endocrine reactions are an important mechanism used by the body to meet the demands made by the environment and to maintain homeostasis (Selye, 1974) . Specifically, research has indicated that stress is associated with activation of the hypothalamus-pituitaryadrenal (HPA) axis. In turn, cortisol, the main hormone to reflect adaptation to stress, is produced (Brandstadter, Baltes-Gotz, Kirschbaum, & Hellhammer, 1991; Gold, Goodwin, & Chrousos, 1988a , 1988b Johnson, Kamilaris, Chrousos, & Gold, 1992; Nesse et al., 1985) . It has been reported that cortisol secretion may indicate both contemporaneous and long-term stressors (Brown & Heninger, 1975; Hoehn-Saric & McLeod, 1993; Lader, 1980; Mason, 1968) .
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In the present study we are interested in the physiological adaptation process among older adults who are in relatively good health and who could be qualified as aging successfully. Neuroendocrine reactivity to stress was proposed to have two components: (1) a situation-related component representing the hypothalamic influence on cortisol secretion observed in five salivary samples collected during an experiment including a cognitive task conducted at three different occasions, and (2) a stable component representing a general trait responsible for the cortisol responses observed from occasion to occasion. Under the assumption that cortisol reactivity is partly a trait characteristic, we expect a strong relationship between physiological reactivity measures over time. This hypothetical explicative model corresponds to a longitudinal second-order factor model, and could be described using the following structural equations:
These equations are represented in Figure 1 , where (a) the y, represent the 15 saliva cortisol samples collected at the first, second, and third interviews of the experiment, and (b) the ( etas) are factor scores expressing each individual's state part of the physiological reactivity to stress induced by the experimental situation and a cognitive task completed at the first, second, and third interviews. The X (lambdas) represent the factorial coefficients linking the saliva cortisol measures to the state physiological reactivity construct. The e (thetaepsilons) represent the measurement errors of the observed saliva cortisol samples. Finally, the y (gammas) are the effect coefficients of the hypothesized trait physiological reactivity component (£,) on the state component of the reactivity scores observed at different time points. The £ (zetas) represent the variance in the state-related physiological reactivity explained by external causes unmeasured in the study.
METHOD
A quasi-experimental design with repeated measures was used in this study. The initial sample was composed of 66 older adults recruited on a voluntary basis when they moved into a new life-care community. Fifty-six percent of the sample was female. The mean age was 73.9 years among men and 71.6 years among women. All participants were White. The majority (60.9%) were married; 23.9% were widowed; 4.3% were divorced or separated; and 10.9% were single. The participants were highly educated and economically advantaged. The data collection included three interviews over a 9-month period. The first interview was conducted within 2 weeks of the relocation. Subsequent interviews were conducted 3 months and 9 months after the first interview. Five saliva cortisol samples were collected at each interview. After the first interview, five participants did not wish to continue due to a lack of interest in the study. Three withdrew from the study due to illness or injury, and one participant died. Eleven other participants did not have complete data at the three time points. Thus, analyses were conducted based on a sample of 46 subjects (see Table 1 ). Except for gender (females composed 70% of the dropout), the 20 excluded subjects did not differ significantly in terms of sociodemographic characteristics.
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Procedure. -To control for circadian variability in cortisol concentrations, all interviews started at 9:00 a.m. (Brandtstadter et al., 1991; Schwartz & Schwartz, 1993) . Saliva collection began with the participants first rinsing their mouths with water. During each time of measurement, the cortisol level was measured using five saliva samples collected at 0, 20, 40, 60, and 80 minutes. Thirty minutes into the interview, each participant was presented with 70 number addition problems from the Schaie-Thurstone Adult Mental Abilities test (Schaie, 1985) . He or she was encouraged to complete quickly and accurately as many arithmetic problems as possible in the 6 minutes allowed. This procedure was used as an experimental stressor to evaluate cortisol response.
Measures. -Physiological reactivity to stress was assessed by the salivary cortisol secretion in micrograms per deciliter (|xg/dl). Salivary cortisol was measured with the Amerlex Cortisol RIA Kit, which was modified according to the procedures described by Gunnar, Marvinney, Isensee, and Fisch (1989) with no modifications. All assays were run in duplicate. The interassay coefficients of variation for the Amerlex Cortisol RIA Kits are between 6.4% and 8.9%. The intraassay coefficients of variation range from 4.4% to 5.7%. Analyses.
-First, a model specifying fully independent cortisol measures was selected as a reference for judging the fit of the other models tested according to the strategy proposed by Bentler and Bonnett (1980) . Second, we tested the plausibility of the hypothesis that cortisol measures collected at the same experimental occasion had the same reliability. To do this, a measurement model specifying one factor and five parallel measures (saliva samples) was selected to describe cortisol reactivity at each experimental occasion. Thereafter, a measurement model corresponding to the heterogeneous reliabilities hypothesis of the cortisol measures was tested specifying a factor model with congeneric measures. Based on results obtained at this step, the P66 PREVILLE ET AL. best measurement model was selected, and a factor analysis was conducted to test the plausibility of the longitudinal second-order factor model that we believed depicted the cortisol reactivity observed among the subjects over time. In a final step, a mean structure model was added to the former covariance structure model to assess time differences in the mean of the state-related cortisol latent construct, and the presence of a mean trend over time. The likelihood of these measurement models was tested using LISREL VIII (Joreskog & Sorbom, 1993) . The maximum likelihood method was used to estimate the model's parameters. The x 2 statistic, the AGFI goodness-of-fit index, and the RMR (the root mean square residual index) were used to guide the overall assessment of the models. In addition, the A 2 index introduced by Bollen (1989) was used to guide the comparative assessment of the hierarchical models. This incremental fit index expresses as a percentage the improvement obtained in the level of fit of a theoretical model in comparison to a baseline model. The 95% statistical threshold was employed for our analyses.
RESULTS
As Figure 2 indicates, there are considerable interindividual differences in the cortisol responses. If we look at the first experimental occasion, the response range included almost no variation among the five samples for certain subjects (No. 17) to large variation in the cortisol responses for others (No. 20) . Overall, the baseline respondents' mean cortisol secretion was .52 fig/dl (SD = .27) at the first occasion, .51 |xg/dl (SD = .24) at the second occasion, and .61 |xg/dl (SD = .27) at the third occasion of the experiment. For the 46 subjects, the baseline mean cortisol level across the three experimental occasions was from .26 |xg/dl to .96 (xg/dl, with a mean standard error ranging from .05 to .28.
The measurement model. -First, a one-factor model was tested, using the correlation matrix, to verify the plausibility of the homogeneous reliability hypothesis model at the first, second, and third occasion. This model was tested fixing equality of the measurement error of the cortisol samples collected at each of the experiment's time points. As Table 2 indicates, the chi-square statistic as well as the other adjustment indices suggested that this model's goodness-of-fit could be significantly improved (Time 1: x 2 = 35.00, df = 13,/?<.05,AGFI = .75, RMR = .10, IFI = .84; Time 2: X 2 = 63.80, df = 13, p < .05, AGFI = .62, RMR = .16, IFI = .62; Time 3: X 2 = 37.80, df = 13, p < .05, AGFI = .68, RMR = . 10, IFI = .84). The results suggested that the reliability of the cortisol measures was not the same across the three interviews. A less restrictive factor model specifying congeneric measures, that is, the measurement errors for the five cortisol samples as well as the factor loadings associated with these measures had different values, showed a better fit in two of the three experimental occasions (Time l:X 2 Diff. = 17.3,df = 7,/?<.05;Time2: X 2 Diff. =29.9, df = 7, p < .05; Time 3: X 2 Diff. = 14.9, df = 7, p < .05). However, the LISREL modification index information suggested a free association between measurement errors of cortisol indicators. The initial measurement model was then respecified based on modification index information. The incremental chi-square method was used to assess the gain obtained by freeing associations between these error terms. 9  13  17  21  25  29  33  37  41  45  3  7  11  15  19  23  27  31  35  39  43 subject's number (first interview) = .94). Overall, while the chi-square statistic was significant at the second occasion, the model's adjustment indices suggest that a congeneric measurement model with correlated errors satisfactorily depicted cortisol reactivity observed at the first and third interviews. Next, an attempt was made to fit a second-order factor model, assuming that a stable trait characteristic was partly responsible for the respondents' observed cortisol levels at the three experimental occasions. Table 3 presents the parameters' solution associated with this longitudinal factor model. In this solution, all factor loadings coefficients, which represent the association between observed cortisol measures and the latent construct of physiological reactivity, were significant at the chosen statistical threshold (a = .05) ranging from .59 to 1. The magnitude of the state-related physiological reactivity factors' contribution to the explanation of observed cortisol concentration in the experimental stressful situation, as measured by the first-order factorial coefficients, was about 52% higher than the baseline cortisol level at Time 1, 69% higher than the baseline level at Time 2, and 59% higher than the baseline cortisol level at Time 3. As indicated by the magnitude of the factor loading, the subjects' cortisol responses increased on each occasion until the experimental cognitive task was completed, and thereafter decreased.
Nevertheless, the chi-square associated with the secondorder factor model was significant (x 2 = 129.0, df = 86, p < .05). As indicated in Table 3 , the gamma coefficients (7) that represent the effect of the trait-related cortisol reactivity factor did not show stability over time. In fact, except for Time 2, they were nonsignificant and thus did not support the idea that the hypothesized trait characteristic of the respondents was partly responsible for the pattern of cortisol reactivity observed over nine months. In addition, results indicated no cortisol reactivity mean differences over time. Also, the variances of all first-order factors due to external causes were high, suggesting some temporal instability in the respondents' physiological reactivity as assessed by the three series of cortisol measures.
DISCUSSION
The study findings indicated that physiological reactivity among older adults who could be described as aging success-P68 PREVILLE ETAL.
fully could be adequately represented by a first-order factor model. This model could be the appropriate model for studying cortisol reactivity if, as the results suggest, cortisol reactivity is more situation-related than a trait-like characteristic of the respondents. This result is in agreement with findings of Kirschbaum, Steyer, Patalla, Schwenkmezger, and Hellhammer (1990) , who studied a sample of undergraduate students (mean age 21.8 yr).
The study results should be interpreted in light of some limitations. First, this study was conducted in a sample of healthy older adults experiencing few chronic or acute and intense stressors. However, even in this context, results showed a positive gradient in the relationship between the subjects' cortisol level and the experimental stress induced at each occasion. This supports the idea that salivary cortisol is a sensitive measure of stress. Second, our interpretation of the data is restricted by the relatively small and unrepresentative sample used. This prevented us from considering the effects of confounding variables such as exercise, smoking, use of medication, diet, weight change, and disturbances in the sleep-wake cycle (Kirschbaum & Hellhammer, 1989; Minaker, Meneilly, & Rowe, 1985) that are recognized to have an impact on the results of gerontology endocrine studies. Thus, even if to some extent health status was controlled because all respondents were relatively healthy, this analysis does not allow us to conclude definitively in favor of one particular measurement model of cortisol reactivity among the elderly, and leads us to suggest cautious interpretation of our results.
Despite these limitations, results showed that a first-order factor model accounted for more than 80% of the variance in the cortisol secretion on two occasions, and nearly 70% on the other. The results suggest that subjects may have had consistent patterns of responses during each experimental occasion. However, subjects did not show a consistent pattern of response over time. The lack of a close relationship between the postulated second-order latent factor representing the hypothalamic influence over time, and cortisol secretion at each experimental occasion, may be explained by the fact that there is some evidence that external situational factors (e.g., health status, daily events, etc.) are involved in the regulation of cortisol secretion (Berger et al., 1988) . Furthermore, some researchers have suggested that interindividual differences may be related to the individual unconscious defense mechanisms that partly determine the degree of the HPA system's activation during stressful events (Knight et al., 1979) . Individual differences in motivation to perform the experimental task also may have influenced the subjects' psychobiological reaction.
The main implication of these results is that salivary cortisol measures are sensitive to experimental stress situations. As such, this noninvasive method may be useful in examining adaptive responses to stress. Also, in terms of the latent state-trait model, these results lead us to the conclusion that the cortisol response in older adults is strongly dependent on stimulus intensity which in turn could be viewed as dependent on the individual appraisal system of stressors.
More research seems to be necessary in order to avoid misinterpretation of cortisol data in successful aging research. Future research referring to the state-trait model may offer the opportunity to address the problem of interindividual differences in the rate of cortisol secretion (reactor, nonreactor) among healthy older adults by looking at the interindividual differences in the gradient of cortisol secretion in stressful situations as a function of personal factors. It may contribute to a better understanding of the association between cortisol reactivity and successful development and achievement among older adults. In a preventive perspective, future research could look, too, at the usefulness of the assessment of lasting hypercortisolism as an indicator of a high degree of stress among older adults.
